The aim of the present study was to compare the physical, chemical and biological parameters and the microbiological quality of bee-pollen samples treated with different dehydration processes and to correlate the results. The samples came mainly from Eucalyptus (Myrtaceae) and Eupatorium (Asteraceae) plants. The dehydration conditions of the samples influenced the L*a*b* colour parameters and the biological value. Unlike the protein and lipid content, the glucose and fructose content were unaffected.
Introduction
Bee-pollen results from the agglutination of hundreds of pollen grains collected from flowers by bees. The bees add small amounts of salivary secretions, nectar and/or honey to the pollen grains (Brasil, 2001; Campos et al., 2008) . Bee-pollen contains different amounts of reducing and non-reducing sugars (Qian, Khan, Watson, & Fearnley, 2008) , fibres (Funari et al., 2003) , essential aminoacids (Param as, B arez, Marcos, García-Villanova, & S anchez, 2006) , saturated and unsaturated fatty acids (Human & Nicolson, 2006; Yang et al., 2013) , minerals (Morgano et al., 2012; Yang et al., 2013) , vitamins (Arruda, Santos-Pereira, Freitas, Barth, & Almeida-Muradian, 2013; Melo & Almeida-Muradian, 2010; Oliveira et al., 2009 ) and bioactive metabolites such as phenolic compounds (Carpes et al., 2008) . Pharmacological properties are attributed to the phenolics, such as antimicrobial, antioxidant, antiinflammatory, antimutagenic, hepatoprotective and antiallergenic properties (Campos et al., 2008; Medeiros et al., 2008; Nogueira, Iglesias, Fe as, & Estevinho, 2012; Pascoal, Rodrigues, Teixeira, Fe as, & Estevinho, 2014) .
The beekeepers collect bee-pollen from the hives and transport it to the processing unit. Generally, processing involves cleaning, freezing, thawing, dehydration, packaging, transportation and marketing. The purpose of the dehydration process is to increase the product shelf life. In nature, bee-pollen contains 20e30 g/100 g of water (moisture) and has a water activity from 0.66 to 0.82, which provides a favourable matrix for the proliferation of microorganisms and possible chemical and enzymatic reactions (Campos et al., 2008; Franco & Landgraf, 2009; Rocha, 2013) . Once dehydrated, the bee-pollen is designated as "dehydrated bee-pollen", for which Brazilian legislation establishes a maximum temperature of 42 C for the process (Barreto, Funari, & Orsi, 2005; Brasil, 2001) . The use of an electric oven for dehydrating bee-pollen might be related to equipment costs, since other efficient conservation alternatives such as lyophilization are scarcely used. Because the results of dehydration conditions on the quality of bee-pollen are poorly understood, the purpose of this study was to compare the use of an electric oven with forced air circulation and a lyophilizer on the physical, chemical, biological and microbiological quality of dehydrated bee-pollen produced in Brazil, as well to correlate the results.
Material and methods

Bee-pollen samples
Bee-pollen samples produced by Apis mellifera were collected from an apiary in São Paulo, Brazil, in April/2012 and September/ 2012 . Pollen analysis of the bee-pollen collected in April indicated the predominance of Eucalyptus with some Asteraceae/Linguliflora and Mimosa caesalpiniaefolia. In the bee-pollen collected in September, the genus Eupatorium was predominant, with a lesser content of Piper, Elephantopus, Eucalyptus, Cyperaceae and Anacardiaceae. The pollen analysis was performed according to the method described by Barth et al. (2010) . After collection, the product was frozen at À20 C in the apiary then sent to the MN Pr opolis (Mogi das Cruzes, São Paulo, Brazil), a food company that commercialize bee-pollen dehydrated in electric oven with forced air circulation and recently implemented the process of dehydration by lyophilization. Each sample was divided into two aliquots and processed under the conditions adopted by the company. One aliquot was frozen at À40 C then dehydrated in a vacuum lyophilizer (FD-TFD-80LF4, Edwards) for 18 h. The other aliquot was thawed at room temperature and dried in an electric oven with forced air circulation (ESA 1368, Sercon) at 42 C for 24e52 h. For the oven drying, the variation in processing time occurred because the trays were removed when the moisture in the product reached a value close to that observed in the sample subjected to lyophilization (6e8 g/100 g). The samples were vacuum packed in food-grade polyethylene bags, then sent to the Laboratory of Food Analysis of the Pharmaceutical Science School, University of São Paulo, São Paulo, Brazil, where they were stored at room temperature and away from light for 30 days. Part of the experiment was conducted in the Laboratory of Microbiology of the Agrarian School, Polytechnic Institute of Bragança, Bragança, Portugal. Immediately before each analysis, the samples were crushed and sieved through a 0.595-mm sieve.
Total nitrogen e protein content
The total nitrogen content was determined by micro-Kjeldahl method from 100 mg of sample. A factor of 6.25 was used to convert nitrogen to crude protein (Almeida-Muradian, Arruda, & Barreto, 2012; AOAC, 2000) .
Ethereal extract e lipid content
Lipid content was determined according to the Soxhlet intermittent method (Almeida-Muradian et al., 2012) , based on lipid extraction by diethyl ether from 2 g of material.
Glucose and fructose determination
The extraction and determination of the sugars glucose and fructose were performed using the method described by Almeida-Muradian et al. (2012) with a high performance liquid chromatography system (Shimadzu, Software LC Solution V.1.25 SP2) composed of a pump (LC-20AT), an auto sampler and a fluorescence detector (RF-10AXL). The separation occurred in a mobile phase composed of acetonitrile and water (85:15, mL: mL) at a flow rate of 1 mL/min, with a 20 mL injection volume into a NH 2 normal phase column [Shim-pack (CLC-Sil), 5 mm, 25 cm Â 4.6 mm, guard column 10 cm Â 4.6 mm].
Refractive index detection was used. The column temperature was maintained at 40 C. Quantification was performed by external standard curve using at least five concentration levels for each standard.
Determination of minerals
Minerals were extracted by acid digestion (nitric acid and perchloric acid, 2:1, mL: mL) in an open system from 500 mg of sample (Malavolta, Vitti, & Oliveira, 1989) . The sodium (Na), calcium (Ca), potassium (K), copper (Cu), magnesium (Mg) and zinc (Zn) concentrations were determined by inductively coupled plasma optical emission spectrometry (ICP-OES) (Ciros Vision EOP, Spectro) as described by Morgano et al. (2012) , with the following operating parameters: forward power of 1.45 kW; cooling air flow rate of 12 L/min; auxiliary argon flow of 1 L/min; nebulizer air flow rate of 1 L/min and sample flow rate of 2 mL/min. The wavelengths were specific for each element and a calibration curve was prepared with different concentrations of each mineral.
Determination of vitamin E
The determination of a-tocopherol (vitamin E) was performed as described by Melo and Almeida-Muradian (2010) using a high performance liquid chromatography system (Shimadzu, Software LC Solution V.1.25 SP2) composed of a pump (LC-20AT), an auto sampler and a fluorescence detector (RF-10AXL) with a 295 nm excitation wavelength and a 330 nm emission wavelength. A 25 cm silica Shim-pack CLC-Sil column (Shimadzu) with a pre-filtered and degassed mobile phase consisting of hexane and isopropyl alcohol (99:1, mL: mL) and 1.5 mL/min flow rate was used. The a-tocopherol was identified by comparison of the retention time of the standard synthetic a-tocopherol and quantified using an external standard curve of at least five concentration levels. Arruda et al. (2013) validated methods for the extraction and identification of vitamin B complex vitamins in bee-pollen. These methods, operating parameters and the same equipment were used to determine the values of thiamine (vitamin B 1 ), riboflavin (vitamin B 2 ), niacin and niacinamide (vitamin PP or B 3 ), pyridoxamine, pyridoxal and pyridoxol (vitamin B 6 ).
Determination of B complex vitamin
Ethanolic extracts (ETE)
Ethanolic extracts (ETE) were prepared as described by Carpes et al. (2008) , with modifications. The compounds were extracted from a 2 g sample with 25 mL of ethanol solution (ethanol: distilled water, 70:30, mL: mL) in a water bath at 70 C for 30 min with 105 rpm agitation. The extract was filtered by a quality filter (porosity: 3 microns) into a 25 mL volumetric flask and the volume was adjusted with ethanol solution (ethanol: distilled water, 70:30, mL: mL), then stored in amber glass at À4 C until analysed. All extractions were performed in triplicate.
Total phenolic content
The total phenolic content was determined as described by Carpes et al. (2008) , with the following modifications: the ETE was diluted in ethanol solution (ethanol:distilled water, 70:30, mL: mL) rather than water and all readings were performed with a spectrophotometer operating at 20 C. A gallic acid standard curve was constructed and the results were expressed in mg of gallic acid equivalents (GAE) per g of dehydrated bee-pollen.
Antioxidant capacity
Two methods were used to determine the antioxidant capacity of the samples: 1,1-diphenyl-2-picrylhydrazyl (DPPH) method and oxygen radical absorbance capacity (ORAC) assay. In the DPPH method is measured the reduction of this radical by receiving an electron or a hydrogen atom from antioxidant. The ORAC assay indicate the radical scavenging ability of antioxidant against peroxyl radical generated from 2,2 0 -azobis(2-aminopropane) dihydrochloride (AAPH).
DPPH method
The antioxidant capacity of the samples was determined by the DPPH method according to the procedure described by Brand-Williams, Cuvelier, and Berset (1995) , with modifications. An aliquot of 1.5 mL of a methanol solution of DPPH (with an absorbance at 517 nm between 0.600 and 0.700) was added to a test tube containing 0.5 mL of ETE diluted in ethanol solution (ethanol: distilled water, 70:30, mL: mL). The tubes were incubated at room temperature away from light for 30 min, and then read in a spectrophotometer (UV 1650 PC, Shimadzu) at an absorbance of 517 nm at 20 C. Different solutions were made from each ETE, and the percentage discoloration (PD) was calculated according to the formula proposed by Mensor et al. (2001) :
Solutions of Trolox® at concentrations of 6.25; 12.5; 25; 50; 75 and 100 mmol/L were prepared to construct a standard curve of concentration x PD. The results were expressed in mmol of Trolox ® equivalents (TE) per g of dehydrated bee-pollen.
ORAC method
The ORAC determination was done by the method described by Ou, Hampsch-Woodill, and Prior (2001) with modifications proposed by Huang, Ou, and Prior (2005) . The ETE were diluted in ethanol solution (ethanol: distilled water, 70:30, mL: mL) and a 25 mL aliquot was analysed with Fluorescein at 40 Â 10 À9 mol/L, AAPH at 0.153 mol/L, a plate reader (Synergy HT e Bio Tek Instruments) and working temperature of 37 C. Solutions of Trolox® at concentrations 6.25; 12.5; 25; 50; 75 and 100 mmol/L were prepared to construct a standard curve. The relative value of ORAC was calculated based on a linear regression equation between the concentration of Trolox® and the area under the fluorescence curve automatically generated by the instrument. The results were expressed in mmol of Trolox ® equivalent (TE) per g of dehydrated bee-pollen.
Anti-inflammatory capacity
The percentage of inhibition of the enzyme hyaluronidase was used as an indirect measurement of the anti-inflammatory capacity of the samples. The methodology described by Silva, Rodrigues, Fe as, and Estevinho (2012) was used and methanol extracts was prepared as described by Morais, Moreira, Fe as, and Estevinho (2011) . Reactions contained 50 mL of dehydrated bee-pollen extract and 50 mL (5.833 Â 10 À6 kat) of hyaluronidase (Type IV-S: bovine tests).
Antimicrobial capacity
Antimicrobial capacity of the samples was determined against Gram negative bacteria (Escherichia coli ATCC; E. coli ESA72; Klebsiella ATCC; Klebsiella ESA61), Gram positive bacteria (Streptococcus pyogenes ATCC; S. pyogenes ESA12; Staphylococcus aureus ATCC; S. aureus ESA54) and yeasts (Candida albicans ATCC; C. albicans ESA109). The microorganisms were isolated from biological fluids and identified in the Northeast Hospital Centre, Bragança, Portugal. Bacteria and yeasts were plated on Mueller-Hinton medium with glycerol solution (glycerol: distilled water, 20:80, mL: mL) and stored at À70 C. For analysis, the bacteria were plated on nutrient agar (37 ± 1 C, 24 h) and yeasts on solid Yeast Nitrogen Base medium (25 ± 1 C; 48 h). The inoculum was transferred to an Erlenmeyer flask containing a sodium chloride solution (0.85 g/100 mL of distilled water) and adjusted to 0.5 on the MacFarland scale as confirmed by a spectrophotometric (Varian UVeVisible Spectrophotometer, Cary 50 Scan) reading at 580 nm for bacteria and 640 nm for yeasts. Cell suspensions were finally diluted to 10 4 CFU/mL for use in the activity assays. Tests were carried out according to the procedure described by Morais et al. (2011) . Fluconazole and gentamycin were used as positive controls. The results were expressed as minimum inhibitory concentration (MIC) which was defined as the lowest concentration of dehydrated bee-pollen extract that inhibited visible growth of microorganisms.
Microbiological quality
Counts of yeasts and molds (IPQ, 1985) , mesophilic microorganisms (IPQ, 2002) and psychrotrophics (IPQ, 1987) were made and the results expressed as colony forming units per g of dehydrated bee-pollen (CFU/g). The enumeration of total coliforms was done with a SimPlate kit (BioControl) (AOAC, 2000) and the results were expressed as the most probable numbers of coliforms per gram of bee-pollen (MPN/g).
Lab instrumental colour parameters
The instrumental colour parameters were determined by reflectance on a ColorQuest XE equipment (Hunterlab, serial number: CQX 2329) operating CIE L*a*b* (L*: 0 to 100, a*: -blue to þ red, and b*: -green to þ yellow) with Universal Software V4.10. Each sample was analysed in a 50-mm quartz cuvette and the results were expressed as L*a*b* parameters.
Statistical analysis
All analyses were performed in triplicate, and the results were expressed as the mean ± standard deviation. To identify treatment effects, comparisons were made using the nonparametric Krus-kaleWallis test and the data compared (post hoc) two by two by the non-parametric Mann Whitney test for each variable. The relationship between variables was assessed by Spearman's correlation. All comparisons used a significance level (a) of 0.05.
Results and discussion
Physicochemical parameters
The physicochemical parameters of the samples are presented in Table 1 . Studies indicate that in the dehydrated bee-pollen the protein content can vary from 10 to 45 g/100 g, fructose from 12 to 24 g/100 g, glucose from 7 to 22 g/100 g, lipids from 1 to 13 g/100 g and ash from 0.5 to 6 g/100 g Campos et al., 2008; Nogueira et al., 2012; Qian et al., 2008) . The lipid and glucose content observed in the samples of this study were consistent with the values cited above. However, the protein content was below 10 g/100 g and the fructose content was above 24 g/ 100 g in the samples collected in September, which may be related to botanical origin of the samples (Campos et al., 2008) .
No significant differences (P > 0.05) were observed for glucose and fructose values between the two processes. These carbohydrates are probably stable under both conditions applied. A significantly lower level (P < 0.05) of proteins in samples dehydrated in electric oven indicates that heating (even at moderate temperatures) and the presence of gases (such as oxygen) can induce loss of these compounds. Significantly higher (P < 0.05) lipids were observed in the lyophilized samples. Processing conditions can change the structure of the grains, which may or may not facilitate the extraction of the compounds. Freeze drying seems to facilitate the extraction of bee-pollen lipids when compared with an electric oven with forced air circulation (Domínguez-Valhondo, Gil, Hern andez & Gonz alez-G omez, 2011).
In previous studies with dehydrated bee-pollen samples, different amounts of K (3.2e20 g/kg), Ca (0.2e3.5 g/kg), Mg (0.2e3 g/ kg), Na (1e862 mg/kg), Zn (30e250 mg/kg) and Cu (2e20 mg/kg) were observed (Funari et al., 2003; Carpes, Mourão, Alencar, & Masson, 2009; Bogdanov, 2012; Morgano et al., 2012; Yang et al., 2013) . The values observed in this study are consistent with literature, except the potassium content (2.6 ± 0.1 g/kg). The mineral content can vary according to differences on the floral origin of pollen and on the plant growth conditions, such as soil and geographic origin . The influence of treatment on Ca, K, Mg, Na, Zn and Cu content was inconclusive. It was identified a positive correlation between Zn content and the antioxidant capacity (R ¼ 0.830, P ¼ 0.001) and the Cu content and the antioxidant capacity (R ¼ 0.769, P ¼ 0.003) for both methods (DPPH and ORAC), however, Cu and Zn can not be considered as antioxidants compounds. These minerals are cofactors for copper, zinc superoxide dismutase (CueZn SOD), an important antioxidant enzime already reported in plants (Lee et al., 2007) ; therefore, Cu and Zn might be indicators of presence of the CueZn SOD in these bee-pollen samples.
The vitamin E content was lower (P < 0.05) in samples dehydrated in an electric oven. According to Miquel, Alegría, Barber a, Farr e, and Clemente (2004) factors such as light, oxygen and temperature are responsible for degradation of tocopherols. In Brazil, studies evaluating the presence of a-tocopherol in bee-pollen were performed only with samples treated in an oven at 42 C. Under this condition, the vitamin E content varied from 4.7 to 113.9 mg/g (Melo & Almeida-Muradian, 2010; Oliveira et al., 2009; Sattler, 2013) . Correlation analysis (Spearman) showed that the vitamin E content is strongly (R ¼ 0.65, P < 0.05) associated with the colour parameter b* (yellow colour) so yellow bee pollen samples could be presumably characterized by the presence of a-tocopherol.
Treatment effects on the content of B complex vitamins were inconclusive. Although heating can cause a loss of these vitamins in foods (Sucupira, Xerez, & Souza, 2012 ), this was not completely observed in this study. Studies with dehydrated bee-pollen samples indicated variation in the amount of thiamine (0.5e1.8 mg/100 g), riboflavin (0.4e2.6 mg/100 g), niacin (0.7e3.9 mg/100 g), nicotinamide (2.4e10.7 mg/100 g), pyridoxine (0.3e0.9 mg/100 g), pyridoxal (0.1e6.7 mg/100 g) and piridoxol (0.1e0.2 mg/100 g) according to botanical origin of the samples Souza, 2014) . The values described in this study are consistent with the literature. It should be noted that a 25 g sample contains at least 50% of the recommended daily intake of vitamin B 6 (1.3 mg/ day, males and females, 31e50 y) (USDA, 1998).
There were variations in the colour parameters L* and b* with the processing conditions. The influence of treatment on the parameter a* was observed only in the sample collected in September. The parameter L* indicates the darkness or lightness of the colour and, in general, the samples tend to have lighter (L*) values above 50. It was also observed that the samples tended towards red and yellow (i.e., had predominantly positive values of the parameters a* and b*) ( Table 1) .
The predominance of yellow colour in dehydrated bee-pollen after grinding is visually obvious; therefore, the prevalence of positive values of b* was expected. Smaller b* values and higher a*values in samples heated in the electric oven might be related to the occurrence of reactions during heating with air circulation. Silva, Rosa, and Vilas-Boas (2009) mentioned that heating can cause the oxidation of some compounds such as phenolics.
Biological activity indicators
Phenolic compounds are bioactive substances not synthesized by the human body that have specific metabolic or physiological actions and contribute to disease prevention if regularly present in the diet (Horst & Lajolo, 2011) . Those compounds are secondary metabolites of vegetables whose profiles are species-specific (Campos et al., 2008) . In dehydrated bee-pollen, the total phenolic content can vary from 5.4 to 132.4 mg GAE/g (Carpes et al., 2008; Menezes, Maciel, Miranda, & Druzian, 2010; Morais et al., 2011; Nogueira et al., 2012; Vecchia, Pegaro, Carpes, & Pegaro, 2009 ); therefore, the results of this study were consistent with literature. Treatment effects (i.e., the influence of processing) were observed on the phenolic content (Table 2) , with the lowest levels observed in the samples treated in an electric oven (P < 0.05). This may be related to the activity of specific enzymes such as polyphenol oxidase and peroxidase. For lyophilization, the samples were frozen when processed, whereas the portions dried in the electric oven had been previously thawed. Freezing and thawing a food matrix can cause cellular damage and therefore the release of enzymes that oxidize phenols (Silva et al., 2009 ).
As reported in previous studies of the dehydrated bee-pollen samples, the antioxidant capacity determined by DPPH method can vary from 135 to 2.814 mmol TE/g (Marghitas et al., 2009) . The results are usually reported as EC50 (minimum concentration required for of bee-pollen extracts to reduce the initial concentration of the DPPH by 50%) (Carpes et al., 2008 Chantarudee et al., 2012) , making it difficult to compare studies. Arruda (2013) measured by ORAC method and found values of 133e576 mmol TE/g of dehydrated beepollen. According to Marghitas et al. (2009) , antioxidants compounds respond differently in various measurement methods, therefore it is important to compare different analytical methods involving specific reaction conditions and mechanisms of action.
The antioxidant capacity (by both methods) was higher in lyophilized samples (P < 0.05). An analysis of the coefficients indicated a strong positive correlation between the antioxidant capacity and the total phenolic content ( Table 3) . The relationship between phenolic content and possible therapeutic properties is controversial for bee-pollen. Pascoal et al. (2014) found no relationship, whereas Carpes et al. (2008) found a positive relationship. It may be that there is a great influence not of the total concentration of these substances in the sample, but the presence of specific phenolic compounds related to botanical origin of bee-pollen.
The inhibition of the hyaluronidase activity was higher (P < 0.05) in the lyophilized samples, therefore it can be inferred that the lyophilized samples have greater anti-inflammatory potential. The inhibition percentages (7.8 ± 0.4 to 17.9 ± 1.4%) were lower than those reported for some dehydrated bee-pollen samples in another study (23.6 ± 2.2 and 25.2 ± 3.2%) (Pascoal et al., 2014) , probably also because the botanical origin of the samples were different. Variations among treatments in the antimicrobial capacity according to the microorganism were evident, and indicated higher effectiveness (P < 0.05) in the lyophilized samples.
Antimicrobial capacity against bacteria and yeasts was observed in all the samples, although the bacteria were more sensitive than yeasts. Graikou et al. (2011) analysed dehydrated bee-pollen produced in Greece and also observed a higher resistance of yeasts. Statistical analysis showed a negative correlation between total phenolic content and the antimicrobial capacity of the samples against bacteria (Table 3 ). It is noteworthy that, although the statistical analysis indicated a negative correlation, the interpretation of this correlation is positive because the lower the MIC, the lower the concentration of dehydrated bee-pollen required to inhibit microbial growth. It can be said that dehydration conditions influence the antimicrobial capacity of the samples only against E. coli ATCC, Klebsiella spp, Klebsiella ATCC and C. albicans ATCC. The processing conditions influenced the phenolic content (Table 2) and these compounds were directly related to antimicrobial ability against bacteria (Table 3) , therefore it is possible that the lowest antimicrobial potential of the samples dehydrated in an electric oven is related to the lower content of phenolic compounds. Moreover, further studies are required to understand the influence of treatment on the antimicrobial capacity against the yeast.
Correlation analysis indicated a correlation of instrumental colour parameters, phenolic content, antimicrobial capacity against bacteria (excluding E. coli ATCC and Klebsiella ATCC) and antioxidant capacity (Table 3) . This is the first study that has established a correlation between the L* a* b* colour parameters with phenolic content and bioactive properties of bee-pollen samples. The instrumental analysis of colour is simple and fast, thus a correlation between this analysis and other characteristics of dehydrated bee-pollen could be used to select samples without a need for complex and time consuming analysis. On the basis of colour, the botanical source of nectar in honey can be distinguished in some cases (Kús et al., 2014) .
Microbiological quality
The growth of aerobic mesophilic microorganisms, psychrophiles, molds and yeasts and total coliforms is an indicator of the production conditions, processing, storage and distribution of food (Rocha, 2013 ). An analysis of these micro-organisms is presented in Table 4 . The results regarding the influence of treatment on these indicators were inconclusive in this study. For the sample collected during April, the largest values of molds and yeasts, total coliforms and aerobic mesophilic microorganisms were observed in the product dried in an electric oven. For the sample collected during September, the largest values of molds and yeasts and total coliforms were observed in the lyophilized bee-pollen, and there was no significant influence (P > 0.05) of the treatments on the growth of aerobic mesophilic microorganisms. It is known that the presence of microorganisms in the bee-pollen is related to contamination of the product while in the hive or during processing (Nogueira et al., 2012) . It is possibility that the samples became contaminated after removed from the electric oven or the lyophilizer and before packaging.
Correlation analysis indicated a negative correlation between the phenolic content and total coliforms (R ¼ À0790, P ¼ 0.002) and the growth of molds and yeasts (R ¼ À0783, P ¼ 0.003). Certain phenolics can affect bacterial growth and metabolism according to the concentration in the medium (Pascoal et al., 2014) ; therefore, it is possible that the values for these micro-organisms would be generally smaller in the samples in which certain phenolics are present or with high phenolic content.
Conclusions
Lyophilization resulted in higher levels of proteins, lipids, vitamin E and phenolic compounds, as well an influence on the instrumental colour parameters. Drying in an electric oven had a negative influence on antioxidant, anti-inflammatory and antimicrobial properties, although antimicrobial action is also related to the sensitivity of the microorganism. In general, the use of lyophilization might be a viable alternative to the current process, resulting in dehydrated bee-pollen with higher nutritional and biological properties. The correlation between the colour parameters L* a* b* and certain biological properties of dehydrated beepollen can facilitate the sample selection for specific experiments. The microbiological quality of the product was not affected by treatment. In future research, a sensory analysis of treated samples under these conditions is recommended to identify whether consumer preference is affected by dehydration process. 
Values correspond to the average ± standard deviation of three replicates. Capital letters represent the treatments applied on bee-pollen collected in April and small letters on the product collected in September. Averages followed by the same capital letter or the same small letter are not significantly different (p > 0.05). Values correspond to the average ± standard deviation of three replicates. Capital letters represent the treatments applied on bee-pollen collected in April and small letters on the product collected in September. Averages followed by the same capital letter or the same small letter are not significantly different (p > 0.05). 
